SUMMARY A biotyping scheme has been developed which utilises 12 tests, including growth at 28°C, hippurate hydrolysis, and 10 resistotyping tests. These tests are arranged in groups of three, and by assigning a numerical value to each positive test a four figure code is produced for each strain. The order of the tests is such that campylobacters are both speciated and biotyped. This scheme recognises Campylobacter jejuni, C coli, "C laridis," C fetus fetus, and C fetus subspecies venerealis. The reproducibility of the biotyping technique and the stability of the biotype code have been determined by testing campylobacter reference strains. The routine application of the scheme has also been evaluated by biotyping 1000 recent campylobacter isolates, and the epidemiological value has been confirmed by testing serotyped isolates from several milk borne outbreaks. 
Isolation of Campylobacter jejuni is now common place, but the epidemiology of campylobacter enteritis has not been fully elucidated. This can be achieved only by detecting markers which differentiate strains from each other. Several of the laboratory techniques traditionally of epidemiological value have been investigated. Bacteriocine typing of campylobacters has been attempted,' but to date it has not proved useful. Phage typing, which is still at a developmental stage, may be more promising. 2 The detection of plasmids3 and enzymatic profiles4 as epidemiological markers has also been suggested. Currently, two techniques, serotyping and biotyping, have been adopted by many workers and several systems have been reported.
There are two major serological typing schemes: one utilising heat stable antigens detected by a passive haemagglutination technique5 and the other based on heat labile antigens detected by slide agglutination.' Although serotyping separates strains, it does not necessarily confirm identity of strains belonging to the same serotype. Biotyping of campylobacters has been available for several years; Skirrow and Benjamin78 described several tests which are useful for biotyping, and their shortened scheme8 has become widely accepted. Two other biotyping schemes have recently been reportedone from the USA by Hebert et al9 and the other by Lior'°from Canada.
Accepted for publication 2 February 1984 Since campylobacters are relatively inactive in biochemical tests we investigated the possible value of resistotyping these organisms. We Tables 2 and 3 respectively. Biotyping of C jejuni, C coli, and C laridis reference strains indicated that different biotypes are present within each species.
BIOTYPING OF RECENT ISOLATES
Three different Campylobacter spp were recognised from the 1000 recent isolates. These comprised 779 strains of C jejuni, 183 strains of C coli, and 38 strains of C laridis. Table 4 shows the percentage positive results given by campylobacters for each of the biotyping tests. The first three tests distinguish between the three Campylobacter spp. Although the second, third, and fourth group of tests are important determinants of the biotype profile, some of the tests show trends which are useful confirmatory characteristics of the different Campylobacter spp. C laridis strains are always negative in the second group of tests and, although this helps to confirm the identity of these strains, it should be noted that about 14% of Cjejuni and 5 % of C coli strains can give negative results in these three tests. Resistance to pyronin is associated with 70% of C coli strains and this test is therefore a useful indicator for the hippurate negative species.
In the third group of tests resistance to metronidazole and safranin is most commonly found in C laridis strains and when combined with other tests can be useful for recognising atypical C laridis strains. The fourth group of tests includes resistance to nalidixic acid, which is mainly associated with C laridis strains, but we have found some strains which are sensitive. In contrast, we have found a few C jejuni strains which are resistant to nalidixic acid. All C coli strains tested so far have been sensitive. Resistance to 5-fluorouracil is also more common in C laridis strains. Resistance to cyloserine is a useful confirmatory test for differentiating between C jejuni, which are mainly sensitive, and C coli and C laridis, which are usually resistant. The predominant C jejuni biotypes are shown in Table 5 . Seventy per cent of human isolates are found in the nine biotypes listed. The remaining 30% are distributed among 46 other biotype codes. Of the offal isolates 80% belonged to the nine biotypes, whereas only 43% of poultry strains were typable. The majority (63%) of water isolates were also represented within these nine biotypes. Table 6 shows the serotypes and biotypes of Cjejuni isolates from the five outbreaks. Although C jejuni serotype 4 was isolated from both the Leeds and York outbreaks, the biotype codes were different. Similarly, isolates from the Pennington and Arnside outbreaks were C jejuni serotype 2, but were also different biotypes.
Eight human and four cattle isolates from the Arnside outbreak were C jejuni serotype 2 and were identical biotypes. Two other cattle isolates, however, which were not serotypable were shown to be different biotypes.
Discussion
This biotyping scheme was developed for epidemiological purposes. It is a relatively easy The results obtained with the reference strains (Table 2) shows that the arrangement of the tests speciates the strain being examined. The chemicals and antibiotics selected and their groupings were Campylobacter biotyping scheme of epidemiological value primarily made to enable us to type the thermotolerant campylobacters associated with human infections. It is with interest that we present the results of examining strains of C fetus (Table 3) . On the basis of our biotyping code three of the four strains of C fetus venerealis intermedius would be speciated as C fetus fetus and the fourth as C fetus venerealis. We believe that this biotyping system will be of value to veterinary workers, who regularly isolate these organisms especially as C fetus fetus can be differentiated into several biotype codes.
Comparison of the biotype codes of strains isolated from humans with the isolates from animal and other environmental sources (Table 5) shows that the biotypes of human strains are found in both offal and poultry, though a particular code may predominate in either animal source. An example is biotype code 6100, which is the commonest human biotype and is found in one third of offal strains but in only 6-4% of isolates from poultry. Likewise, biotype codes 6300 and 6310 form 19-1 % of poultry isolates and only 7-4% of offal strains and yet comprise 1 8-4 % of campylobacters isolated from human sources.
Several schemes for biotyping thermotolerant campylobacters have been developed.7-'0 These systems use between three and five tests and if used alone the epidemiological information achieved is limited. Moreover, C jejuni biotype 1 of one group of workers may not be the same as Cjejuni biotype 1 of a different group. The biotype code used in this study, being a four figure code, avoids direct confusion with existing numbering. Nevertheless, we believe that for maximal epidemiological information two different but complementary systems are required. The potential value of combining a serological and biotyping system is shown by the results given in Table 6 . Lior'°has recently described an extended biotyping scheme which he believes should be used in conjunction with his serotyping scheme.
We have used our biotyping scheme during the past year to investigate several outbreaks and incidents of campylobacter infection and have found it capable of providing epidemiological information comparable to that provided by present serological methods. Its evaluation with serological tests is continuing and will form the basis of further publication.
